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ABSTRACT: 

PURPOSE: To further expand the operating range of a DC brushless motor using a rotor 
provided with permanent magnets for field at a continuous rated current. 

CONSTITUTION: A DC brushless motor is constituted of an armature 31 and rotor 32. The rotor 
32 is provided with a rotor yoke having four main poles 321 on its outer periphery. In each main 
pole 321 of the rotor yoke, a slot 322 having a diametral size of Lm is formed and a permanent 
magnet 323 for field having a thickness of nearly Lm is buried in each slot 322. The size Lm and 
the length Lg of the air gap between the rotor 32 and armature 31 are decided so that they can 
meet a relation, 0 
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(*fttt) #. *»»lTtt4 (4ft) . *»9J2Ttt 

2 (2ft) K&tjTH*. 

[0 0 6 9] 06 B, Lm+Lgi, JllJt<!:©!»flS£ 

3 2 3©*S*X7*+ V^fttohSWiff, *0<NS 

ltWMmib9MeWk#*Ztu fcattflWK ft 
aorast, »s©**tti«»ttT£»s©a«»*i/ 

[0 0 7 0] **\ K»C3t»TttWr*. 07IC*5S 
« 1 fc&ffl t,fcJIWi^«5©»f|s*BMirr*i'97 
«ffll/fc«Htt, (BH) max =3 2MGO 
e. 2 0"CrPOB r = l 1. 5 kG, i He =2 1 kO 
e, 07* fcjR-flB!«*5.ktfiffi!8tt, 

■en-en, *-*»e«*hmei o ot:-?©4 * i - 

[0 0 7 1] WHte*TJ:5lC. »f»Bt4jcI -H 
lft«t©^^ii^tft**t, *©»f&fttt. JBft£ 

£tfiftK B*LftV>#a«tefc««©2ft©S«E§ 
jgbTt>^"JjS««ttjB^6ft^. ftot, fittlllT* 

'n«2«®«»tdwc«rrct'b-e**. 

[0 0 7 2] ttt. B*bftt^ttttMttT©SC 

Tfe^t, *o»iwc*n«i 3 0 < crcs<E#<irig 

^ftflMtt&ttftT««. 50 



[0 0 7 3] *&. ft«ttK&V»-r****ftT*f*C 
[0 0 7 4] 3-fc. S^ICi He ©B^a5*ftfflfn 

[0075] tfc, H74»6B, enenoiiffra'e© 
n. »i/2©iiftiiwatijftT?**zt««i3**. 

[0 0 7 6] ttH l 3 1l3.fctfB6?-3 2©«» 
©*attfc:H»TMIIT«. X7**y7*SLgtt, * 

if3i, me? 3 2<DMxmt, mm-* u mm 
^3 2(Dm^mt\z^xmm^n. mmt, as, » 

I©A5!y*Srlni»bT0. 3 5-0. 7 

TStf, 0. 2 miiSS S T \m#.<Dm&m§, \Z/b 3 < 

[0 0 7 7] 7Dy h-3 2 2©g£|6rt-ftLmtt, «H 
0«*il**J:Wtt5©««l8JSitSff*Tftje-rSi6 

[0 0 7 8] &S©&tt&g«, )85Jni±*±tf«5 
**a**«V>Ja«aiift4SWeJ:l»*«» fcftlcffiffl 
UTcN d - F e - B ©jft^^±g«5ttJtK»JIPT » 
0. +^ft3$SS#SKH, ■€-©£$«. #50. 8mmg 
if*. P r - F e - B ©&jg • EBff ±gtt 
E(i«tt&«#Bt^ +»ft3tt***fctt» e©JP 

m *uo. im«^>sfr5. 

[0 0 7 9] B7K**J:3fc, fiffi©M&®# 
©H39>6tt, ^©Jf^^^SlCfK-rs^TtS. 

[0 0 8 0] iol, X7=Pt7 7*SLg©«/hft0. 
2nnt, XDy F3 2 2©g#|fr*&Lm©&/h<|0. 
lmfcfcfil/fcftStt; W±©aSt<k0. SISO. 3 

[0 0 8 1] ffioT, 7.D>y h3 2 2©g#fi-*8;Lm 
t, X7^ty7fiLgtOH«*t, 0. 3mm^Lm+ 
L g £ 2nro£$£-f S«k3|*££nT^.5©tf«k Off £ 
U<, 0. 3mmSLm+Lg£l. 3 mmfcaHJEf £<fc5 

(0 0 8 2] i^T, 85£*£1. 7nmu I7ft7 
7"g£0. 3 nmlC^fc 1^*8912©*-* (Lm+L 
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ammmmmtf 2 f&icft*;**!*. 

(0 0 8 3] iot, 0. 3mm^Lm+Lg^2imiiS)K 
&t5£mfet5#G\Z\t. *-*©§81*<$aTab 
0, AO. Ji«it$2^±lCTt» f^t>S, ISIfcfc 

[0 0 8 4] m&W2&±Tm& flAtf, tt^X 

[0 0 8 5] BSJ9»«1b. I7*t'^fi^ 

0. SnifcRJtLfe+aWlOt-^ (Lm+Lg = 

1. 3mm) Ttt, M&tfcckoK. *afla&»4T*D. 

[0 0 8 6] <fcoT, 0. 3mm^Lm+Lg^l. 3mm 

■efeo, *^»-»aufc«4fiU:fcTt. -rat>%. it* 
[0087] *aut«t4£U:Tr*nii. rat 

[0 0 8 8] KC. »50*aCOViTH7Sffl^TR 
[0 0 8 9] B8£. d*Afc*«*B3&V»«£i, 1 

d mzm bxmmm^wc^m^ 

ii«*«Ji:*FEMfcJ:oT«WrUfc»*tiRT. ^© 
iMfK«yBl/fc**WC*»t*JMWI*A«B3 2 3 
fi, *-*«afoMB»*W*ftJ6r» <£») ©*>©?<& 
0, H8fc*T*?7©**tt. ttB*&«|ajC£ll& 

[oo9 0] c©??7*&. msom^mom 

[0 0 9 1] #89jl©#SBffl*^U853 2 3©JS3 
«, lnmre&fl. BdMtTOO/t-STVXM:. 0. 0 
6 t**C<hSV^fc»««Ktt3 0 kOe«±©«5W 

0<Lm+Lg£2XD/5 1 
0<Lm+LgSl. 3XD/5 

Lm+Lg>2XD/5 lTfe^t, J|lttoMvS<. 

*-*©»EtSlftWfcl». 
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[0 0 9 2] «fcoT, IWSffl*^»53 2 3S@Ik^3 
-?©i«ffi3 2 1 £a&&A/7*ttMI«fll&l/fctfc 

2 3 £±&ffi3 2 1 fcSa&^ttffi-eSBSfxS 
i;<fcO. #Kffl*^«53 2 3©««^©/r-57>X 
jWa±T*©T*aa»*»fc&D. ^niCAOt-^^ 

€5. $ &IC> #«ffl*A»H3 2 3 £*£«©tttn? 

io mm 2 1 cttH&»*©T, mm3\-hmw%$. 

[0 0 9 3] £©<§•£, 03Atf. B6?3 2©ftfl£* 
«3-*£ffifiU X7**s/7*E£0. lmmggfcft 
■3i/t-3 7>X««6fiU:KJ:#U 2 0kOeg£© 

[0 0 9 4] ^fi8ffl*A«e3 2 3©*HBJfl3'f 
JP£LT««I73 l©«WHMftftJB. ffttoft. « 
«^3 lS«3-*tl/T»H5BiHIFSl/H. «tt 

3. 4g*fci&:S*t. *Jfl*aa-*SfflV>&*£iH 
tt. 2 0kOe©BJWJWfc8«Wr*<5. C©»6C 

[0 0 9 5] tZlST, DC:/7vVX*-*©tfl#£ 

«*#<^-xft**<LTe«**«ipa*, urn 

^3 2©g*fl-& D£*#< (02# 

[0 0 9 6] 

<f*£© (/h3<Tt>«fctr>«£) Ctt. jWEtttiB 
fc. Bt?3 2©«*fl-gD&/M£<, 'B5©£zt* 

[0 0 9 7] ^©«fc5C, He*3 2©ft**MgDi. 
«H©i^$ (XD«> h 3 2 2 ©g^lSH-fcLm) +X7 

5©J?$ tliiE©lBMM#fc*-5. 
40 [0 0 9 8] ioT, h3 2 2©g*|pJ-tftLm 

t. X7^Y-y^«Lga:, 0«rP3 2©»*^ffD2: 
©g|^ (Lm+Lgi, Dt©M«) «TFE (1) 5££ 
HJET*A5CR«Sn. »*l/<tt. TIES (2) A 

[0 0 9 9] 

* 

... (1) 

1 • • • (2) 

[0 10 0] 1tis> Lm+Lg©T(Efil«, W^UfcJ: 
50 9CKi±©SA*»&. 0. 3mmg£jM?£U>. f 
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ftfrS. «fcO#£L<tt. Lmt, Lgt, D£©Hfc * 

#tsj (3) ittiiji-rftjjicwfeati, sscff** 

0. 3imii<Lm+Lg^2XD/5 1 
0. 3imD<Lm+Lg^l. 3XD/5 
ft*. *fg91TB> DC77->l/**-*3IJ. 02K 

jftTiwtcfcofciRsanT, £©ffl. ma. m\z 

ffi-£?tZ, 0©lt>*£ KlXDy h9«W& 

sn. -t-OX n 7 h 9 1 1 

nfcfltffcTfcoT'b.fciA. 

[0 10 2] cKDidC, i^ffil 0<DlOt$tlZffi& 10 

mmzi i*ts«ii*nT^5«^i?fe, w»Lfc 
**iM&n*K. Lm+LgjsuBfftowitsiije-r 
**3Wfc*n*. fit, £©«#£«. mm^s-v 

0^ayK9 0ffi*ftTfft («SffS*lfil©-*® ©1 
[0 10 3] *3em©««!i«fc'3V»TSIifcK 

w-r*. h i o ». *m<Dmmm<Dmm&*t7 

[0 10 4] HHfc*f NMtt©'f>/X~* 
MfM 6 B. jijtfctti^g! 6 l . WMHHIMN 6 2 20 

[0 10 5] Eie?tt«ftiH¥g4tt. a-? 
•J-X>3-^lC<toT*«Sn, -toffl**^. Tft 
fcli. BC^WHB. tttt£««fft*ft6 2lrft 

[0 10 6] ttttJt*ttfftfflS6 2tt. ggflMNto* 

« • ttffioJIMHttlMU 3tt««?«ft«ia'. i 
V, iw^fp^-rs. 30 

[0 10 7] 1M6 3B, 3ffl«*aT«2fttt^«a 

[0 10 8] £©«£. ««MilS6 3TB. 01 1IC 

[0 10 9] fljttf. 0 1 1 I mr 

©«M, <2>iq...©P]5lti, ii,©itiiTHinSf5H 
(dtMftlt a*Iiir£jB*.fttr>«H) . @i,.„. i 
*..,TH*n*n«©«BBTSHE*n*J:5*liEU « 

«, Imr©2~4<ggg-C*S. ft*. fli2©©«B0£ 
jg*.*$5BT©SiE (©, <3)©Sfc) B, Jt«ttfiV>l$ 

m©*ojiii:-r?) aw*) ©mfsuv, 

[0 1 1 0] B 1 1 *. 3^£&««ttt I mr©d«l, q 



L<B. Tf35£ (4) SC*«JBT*J:5KRft*n*. 
[0 10 1] 

• • • (3) 
1 ... (4) 

ttZ£om?tiiifflmW*imti3;&. 04*± 

iXHsic^rt-^tti^ttm ai i©i„. 1 4 r 

Tffl*nfcP3J:©lllBi!Sfti:5. 
[0 111] lit, i,..«©RHi. ld,©it^Tffl* 

[0 112] i,.... id...TH£n*P3II©t& 
[0 1 1 3] ft*. *&6flTttB£?flHtttfi^Bt4 

BC^ttWftffl^aB. fttcufcsnr. ubd-^u 

[0 114] (Hig0iJ2) 01 2. 01 3*<fctf01 4 

b. -en-en. ^^©Dc^vva*-*©!!!^ 

©tt©*rt«*wt¥iiHT**. ft*. DC^7->U 

l t^-TabS©TifiMStKf-5. 
[0 115] 01 2\Z7ik?£5\Z. i:©DC^7->l/X 

*-*©B«m ^»«fc2-3a± c**dHrett4 
©±aw7 5ferr*0<ef-3-^t<iATv»4. ^ 
©b«^3-?b. mznmmomm &mw 
\z&<omrfL2nT^z. 

[oii6] 0^ a-^©§i!iffi7 icii. -ene 
n. K7 uwMsaftTv**. -eux, &xn«; 
h7ictt. *nen imffl*x&57 2tfntt>&&ti 

[0 117] leI<E^3-^©Kg5t2.3£affi7i:ieffi 
7£©fflKB, B6¥3-*©-***lH3ttfc1MtlS! 
ffi8*«3n, ffl!g|^g8t0^UftVi««|^i:©ra 
I'tt. (-*©«S) ©I7*ty 

nTv>5. 

[0 1 1 8] £n&*t!!)£ffi8li. 06^3 -^©@<6 
«©^C>8SA^4S:WS*s; (Wm \zmbTV5. 

[0 119] C©S^. Sl!l^ffi8©ife^fl5i. Zm& 
7©$feSSfi|5ttt. 9f3effi*KIBUT^5. fftto^. ff 
t&SSffi 8 ©5fe«SI5tt, 7 • S6i LT^fiK 

snrns. cntcio. ±«ffi7*^i84T5±e« 
%m8zmzz.t\z&t). <xm>*z9>**nm 

[0 12 0] 6«|&£ffi8ii. »«T*0. -e©»rffi« 



(10) 
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ft, 8#fflCttoTBHHrr*S. 

[0121] Sfc, ®m-a-9<DBima*it9frt> 
7*016? A if*. 

[0 12 2] HI 3£*1M:5K:, •KDDC~7y~/VZ 
t-^@6flJ. M«i£ffi8©*m©##i&iiibfc0 

[0 12 3] *§8!l?&ffi8«, Jfc«SffiC, *J|ICIttoT* iff 
©Kffi*W****«#**UTtt*. TfcfcS. *§8> 
£S8tt, *®ftMBtf&mttt*qro'9Tfr>S. ft 

[0 12 4] H14KSt«t5C, w(DDC^7">WX 
t-JOHfiTtt. tt8>£ffi8©SMK©*rt<Wi$Lfc0 

[0 12 5] tttt£C8ii. ft*CffloT* 

«ttJte«*TJi*l,T:6D, MaiUfc[iieTBJ;0fc«i 

»3W8©ji2«*©i£#o*»*sir>. ^©larts^ a? 

*0*fCiT-5. 

[0 12 6] *C, *S8««6*6CB«ICIW!1"*. 
HER 1 «*/0»Hiirc*a*z: 
D C l/Xt-^©»±t*W» h;^ 

[0 12 7] 
[«5] 

[0128] ct-e. »5©*ami«tt. mm!\ x 
x * o v»a»jwitt«3(rf* d c 77-> i/x*-* 

©h*9t*. ffiB 2 aR©hjt9 Wi 

[0129] 
W6] 

[o l 3 o] §t6©<Mi. aMfeSOftWHRft. i. 
[0 13 1] *S6*flTtt. £iu©aD±a«wic»a 

*<f«ilt*«T*. HI* HH' ****** tfc*»T 
£5. 

[0 13 2] 01 5C43feBffl©DC7?$'l';i%-* 
<0|£?A. B. C) ©8£T5 hJl/^©¥^fi<h. ft 50 
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*mz.%ftzb)V9<D*mvLf&mt, &*, 

tl, 8 A©«8ff«»tT©g* F^*aUTV»*. 
[0 13 3] HHfcjS1\fc5fc. ffiftgff 8£8t*s:: 

ft±-r*. *©«££> H-h^€»4S**«^C 
fit. «*?«»«tl«^S*«£t#T**. £©<§ 
fl&tt. 3 5 0 0 r pmTIt 1 Xfi 

«Jt#U 1 0 0 0 r pmTJIt €-?Pl)'2 Xgg 

[0 13 4] 01 5TfihJ^©¥3ffi*;SLfcrt». % k 
fc. 01 6 fc, 01 2-H14K«tHWFA^C«r 

[0 1 3 5] 01 6tt, n%nr9 OS 5 
g) KffHDmhlltZfflilt&QXib, *©ttft«* 

[0 13 6] BHfcjRriiC. 06*A©h**©R 

aef-B. Hepct**h^©« 

IsKST A<fc 0 feUHS? B Hfi#P&. L < , @teTBJ;»3t>® 
[0 13 7] *{C. BC7A~ClZ4l)t«^H7 tWi 

ta&wwm&mz. mutt, 

7. »ttfc*8*J;tfj:n&©iE»fciRT¥iiHT* 

[0138] i^0ic^-rcfc5tc, «rf3-^ omm 
. <h u iHi«GT©iKffi 7 ©jrefflw* &mmm 

•MTtftSr HtfATI*. r = 6i 

©HftfcftD, Efc^BTfct, 7 = 0i + (3/2) X 

02 . urtweia, r=0i +2 0 2 ©Hisica&s. 

[0 13 9] mh)V9<D&kmtWt'Wt<D£*b)l 

9M£Ub&*. h)V9mmt r tawm® 1 8 c 

[0 14 0] HHCwTiifc, 7 = 0i +02 ©t 
*fcfc5r#««*Xnyh©lt;y*A*iH- 
©«£ICti. h^*IW»**V». *UT, 7*7 = 0 
, +02 *S**<UTV»<fchJM'l»ttM*U $ 
6Ct***<UT, 7 = 0i + 2 0 2 ©HffC««B 
C ©« jgTSitt^S 8 1 «t 5 h^*jE©*«ttt 

-r*c-tij«T§r4. ^©7=01 +202 ©Hfiscfes 

[0 14 1] iot, SH&3lffi8*«»t«iili«fcD, 
h;^S**a*5Ct3j»T*4«i. h^ltft«tt6 
0i , 02 HAtfrA 7>0i +02 ©H 
«*«£1-5±^ (r««W»Xn?r>01Ky^|« 
J: 0 «»*#<) RSSnT*fl««ff*L<, 7^0i + 

0/2) x Qi mmft&tzzswt&ztiTKz 

©*««fc0ff*K. 7 = 0. +2 02 ©H«*^SfS 
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"0»ft©lW»ldMEU*. 

[0 14 2] a<^3-*©0«*©+<&*#& 

£73-2 ©04Ettl©<l>£>flto> &±»ffi 7 ©5fe«SI!*-p 
©ftSt©H*fci?THiaM>*0*Jn©*fcK * 

*at h**n»©**S!WWfrr*. 

[0 14 3] tttett8ft^8©&M£-?©ft3tt. hi 
ftfa-f ©B£tt©<f><&«* ££«87 ©ft*§S?£T 

*6±8MI7©jfe««*T©*SlCi7*iry^*Lg 

«jS0A&fta*O"bfi<«sanTv»*©««iF*i/V». 

T, Set, ffl*h^©*iOSH*J:i*«T*S. 

[0144] **»«i-ett. mmmmsoft 

i^fi 7 ©ft«**T©ss ta*BffH-cR£anT 
taBEffiaj^ffi8©j6aessT©fi 

H1^a-9©B1^4><MW&£Mftffli 

[0 14 5] 0}Etttt3«8©4Mg-?©5£*iae 
?3 - 9 © @efa©«f ftffifr 6 3£«S 7 ©«$£ 7? © 
fi*J:0fi<Rjrr*CfPltiK6«8lc±*h^H: 

[0 14 6] ft*, *56«T?tt, £©HJ&0*2©«fi!c 

<fcV>. 

[0 14 7] (H1M3) HI 9tt, *58W©DC^5 
->l/**-*©0&?©A!l©#|j£0J£*-r¥ffi0-C<6 

5. ft*, dc^s^x*-*©***?**!**!© 
Mtt. tt«tfe*lt«ltH-T?*S©T?RiB*«K 

[0 14 8] Hmz*t£?\Z, ZODCfyz/VZ* 

-*©iu«m an«K2"3«± (*sjnfyi?tt4 
[oi4 9] @^3-^©#i«ffii 2 tea. 

n, g£lfrt8;#Lin©Xn«.y M 2 1 *%$2tlTH 
SLm (XDyH21 ©fcSfrtN-ScLmiBBfl*-) 

©^«ffl*Affiai 2 2*«8u&&*n-tt>.5. 

[0 15 0] £©J§&. Wi»H2 1«9fi!flWSL 
m, I7**«.y7gLg, H«g?0g*fl.gD§«. « 

[0 15 1] BC?3--* ©»*****« 1 2£±« 
Si 2 <h©Ktfi, ia6?3-ir©-«**(BS*&*l 
S^U3«Sn, ffilb^ffil 3iS^tft^«« 
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[0152] cneaa^ffii 3tt. se^s-*©® 
Kflfto+Aro&ttimtt mm) \zmLx»z. 

£©«£. ffi«l8ffil30ft«gSt, i«ffil2©5fcig 

3 ©**»*, i««123i»6»»'ifc4l/T'»*an 

[0 15 3] !!©«£. H*Fa-*©S«SXD? h 

ifiSffil 2 (±SM8B) ^b«Sl 

ifl 3©fl£0ig& (ttttHfitttf) *TOAaM*T. 13 

&C1 3©5fciggB£-?©fi3, Steps-* ©Eft!!)© 
«f>-&«*6±«*l2©jfe«i«tTf©RS^tt. tftBU 

[0 15 4] £0J:9& *$mmnC7yi/l'Z ; E 

-*©@«?», nisw i fc*tt5iBie?©afiet. h 

12-014 2 fC*tt£IU!E?©8tfi)t£ £ 

tt»^b«fc"b©T**. 
[0 1 5 5] ftoT, *JtiM©DC79S'l'X«'-4r 
# 14. *««l*±r«ai«2©DC^*>I/Xt-^-€- 

n^n©ftj^£^w i/ tv» s. 

[0 15 6] -Tftto^, *Sam©DC^5->I/X i E- 
*T«, MAtt. M»6»«liT©ail3«ttBBt2 

fe. QMK>y**>X**£<T£S©T, ffl*MV 

[0 15 7] ft*. ^-©#H8ffl*M8S©J¥3£SK 

-*mnm?m<Dm misuser, mm* 

30 ««©K^*^»Hftttffll/ft»jntfft&ftV>«». 

• ffl*h^*IWP***tii9«T«*©T, fWSffl*^ 
«56«3E-r«^tft<, H-«*fm«TH*©ffl* 

[0 15 8] *SM©DC7?3'l'X : &--*©ffl&iift 

KMtsnr, MseLfcrnstx?-*. *%&m> y 

U7h»©»»# («») ©Eflffl*-*© 
ffi. *56W©DC77->WX€-^tt, WAtf. OA« 
ft. MD©XhT>H;i/ : E-3', FA©tJ— I 

[0 15 9] K±, *58W©DC!/5J'kX J 6-^*± 

xnit c n e \zm&znz t> ©-cttft v>. 

[0 16 0] WAtf, fFS^^SSMTtt, 8©ji*8S 

[0 16 1] ttG*£IMrctt. #«ffl*ASS 
50 5©»«ttH«©*»©KB**ftf, d©<fi. WAfi. 
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[0 162] 

[0 16 3] flAtt. X7*r-;/7"fiLg£/M<U 

ttL m&JHBJ8:!cAJB5©JM CGfcttT** < **) 
CfcfcJ;0. W£FEfBfl**t»<fcB. ttllTWK 

[0 16 4] WC, X7**-y7"gLg£, ZDyh© 
g^lfiJtSLmt, @£?©**fl.gD£©Wfiw&*, 0 
<Lm+LgS2D/5 lft»Ji-r4J:3«)£an*» 
HCT©^C*ftbTNKUbJ:3ftaMbP 

[0 16 5] **WTtt. ft*<fc 0 t>fiB5©JP3 

[o 1 6 6] jm*&*s#£MicffA**i 
fcwr**3nfc'b©T*««sfcH:. iwBffl*^ 

[0 16 7] #$ffl*A&E©»a*ffl3<;i/£LT1t«a 

tfc, iiwi*a&5&£*8©£ 
[0168] ®i&T3-2mm-z>*.m>tmmt 

© IB IC HKP 3 - f ©H»**W S ttfcHJtt&fcWIW 
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